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indirect immunofluorescence, physiological assimilation tests and coaggregation with Fusobacterium nucleatum. In multiple publications, variable success using each of these methods has been reported and all have been demonstrated insufficient alone for accurate differentiation of the two species. [1, 3, 4] To circumvent these difficulties, various molecular methods have been developed, polymerase chain reaction (PCR) being the 'gold standard. [5] However, these tests are not readily applicable for the identification of this species in most average mycology laboratories. Nevertheless, the concept of a reliable routine isolation medium that could be used instead of PCR in differentiation of the two species remains attractive. In the present study, the authors evaluated a new medium 'hypertonic xylose agar medium' (HXAM) for isolation and identification of C. dubliniensis and differentiation of this yeast from most other Candida spp. on the basis of growth on this medium.
mateRIals and methods
This study was conducted in the Mycology Division of Department of Microbiology of a tertiary care hospital in Kashmir, India. The study was approved by the Institute's Ethics Committee.
Test strains
A total of 200 Candida spp. were tested in this study. These included 186 stock strains of C. albicans tentatively identified by phenotypic methods such as germ tube formation, colony colour on HiCrome Candida differential agar (HiMedia) and characteristic morphology on corn meal agar. These were isolated from cancer patients with oral candidiasis/colonization and held in stock collection of Mycology Laboratory, Department of Microbiology, SKIMS, Srinagar. Remaining 14 isolates were strains of C. dubliniensis which were kindly provided by Dr. Ziauddin Khan (Professor and Chairman Department of Microbiology, Kuwait University). Identification of all these strains was confirmed by PCR-restriction fragment length polymorphism (PCR-RFLP) using BlnI (AvrII) enzyme which produced two strong bands of 200 bp and 340 bp in C. dubliniensis and only one band of 540 bp in C. albicans. [6, 7] Reference strains C. albicans 90028 obtained from National Culture Collection of Pathogenic Fungi, Department of Medical Microbiology, PGIMER, Chandigarh and C. dubliniensis (type strain CD36) and C. dubliniensis (CBS 7987) which were kindly provided by Dr. Ziauddin Khan (Professor and Chairman Department of Microbiology, Kuwait University) were included in the study.
Preparation of hypertonic xylose agar medium
HXAM was prepared by suspending 10 g of xylose powder in 900 ml distilled water. To this 20 g of agar and 65 g of NaCl was added and the solution was heated to dissolve the medium completely. The medium was sterilized by autoclaving at 15 lbs pressure (121°C) for 15 min. After cooling to 50°C, 100 ml of yeast nitrogen base solution was added and mixed thoroughly. The medium was poured in sterile petri dishes (20 ml in each 90 mm) and allowed to dry. Final pH of 6.3 ± 0.2 was maintained at 25°C.
Inoculation of hypertonic xylose agar medium
Colonies from a 24 h culture on Sabouraud agar plates were suspended in sterile distilled water adjusting to 0.5 McFarland standard. One loop full of each suspension was inoculated on HXAM which was then incubated at 28°C and examined for visible growth every day up to 7 days.
Results
On HXAM medium at 28°C, the reference strain 'C. albicans 90028' and all 186 test strains of C. albicans of showed visible growth at 48 h of incubation. In contrast, none of the 14 C. dubliniensis test isolates and the reference strains 'C. dubliniensis (type strain CD36) and C. dubliniensis (CBS 7987)' showed any growth on this medium at 28°C even on extending the incubation period up to 7 days [ Figures 1 and 2 ]. These observations were reproducible when experiments were repeated on three different occasions.
dIscussIon
C. albicans assimilates xylose while C. dubliniensis does not. [8] Gales et al. [9] and Pincus et al. [10] in 1999, Gutiérrez et al. in 2002 [3] and Loreto et al. in 2010 [11] used this property to differentiate C. albicans from C. dubliniensis. Various carbohydrate assimilation systems (Vitek 2, API 20C AUX, ID 32 C, Micronault-Candida) are available for the identification of these two species but different investigators have reported variable results for each of them. [8] The usefulness of xylose assimilation in discriminating C. dubliniensis from C. albicans has also been evaluated by conventional assimilation method using xylose disc [12] as well as by incorporating this carbon source into a carbon-free solid medium. The latter was done by Khan et al. in 2012, [8] who proposed that this test should be performed on germ tube-positive Candida isolates only as Candida glabrata also does not grow on this medium. About 5% of C. dubliniensis isolates assimilate xylose and could be falsely identified as C. albicans as reported by Pincus et al. [10] Hence, if used alone there is the possibility that a small number of C. dubliniensis isolates will be missed. Furthermore, some isolates of C. albicans do not assimilate xylose [9] and could be falsely labelled as C. dubliniensis.
Differences in the regulation of specific stress genes have been observed between C. albicans and C. dubliniensis. In particular, ENA21 gene, encoding a sodium ion transporter, is strongly induced in C. albicans but not in C. dubliniensis. [13] This difference of salt tolerance has been used by Alves et al. in 2002, [14] Chowdhary et al. [15] and Ells et al. [16] in 2011 to discriminate between the two species.
Salt tolerance of the strains was first measured using hypertonic Sabouraud broth by Alves et al. [5] and salt in YEPD agar by Cassone et al., [5] but these methods did not reveal clear-cut and easily interpretable results. Furthermore, high percentage of false-positive results (11.4%) using hypertonic Sabouraud broth were reported by Silveira-Gomes et al. in 2011. [17] Akgül and Cerikçioğlu in 2009 used modified agar-based medium which showed good results. [5] Keeping in view the results of salt tolerance test and xylose assimilation, we devised a novel medium 'HXAM' by incorporating xylose into a carbon-free hypertonic solid medium. In our study, we found that all C. albicans showed visible growth on this medium at 48 h of incubation while none of the C. dubliniensis was able to grow on this medium. By this method, we can test both salt tolerance and xylose assimilation on a single medium increasing accuracy, decreasing cost, saving time and manpower. C. glabrata being non-osmotolerant [17] and not able to assimilate xylose [8] may be mistakenly identified as C. dubliniensis on this medium. This can be overcome by performing the test on germ-tube-positive isolates only.
We observed that, as compared to other methods, HXAM is a simple in-house, fast and easy to perform test saving time of technical staff. It is also less expensive (1.5 INR per isolate) since as many as eight isolates can be tested on a single plate and the extent of growth is assessed by the naked eye. Hence, we propose HXAM as a sole phenotypic method for identifying C. dubliniensis from germ-tube-positive isolates or from stock collections of known C. albicans.
conclusIon
As overall prevalence of C. dubliniensis is very low compared to other species of Candida in clinical laboratories, adoption of expensive, time consuming and labour intensive methods such as PCR-RFLP for its routine identification are not advisable. Solution to this can be an identification method that is 100% accurate, simple and easy to perform without consuming much time of the technical staff in addition to being cost effective. 
